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Nanostructured  metal  films  were  electrodeposited  through  the  hexagonal  lyotropic 
liquid crystalline phase (H1). The mesoporous structure consists of porous channels (a 
few nm in diameter) arranged in an hexagonal array. These mesoporous metal films 
exhibit  high  surface  areas  supplied  by  the  concave  surface  within  the  pores.  The 
properties of these mesoporous materials have been investigated to gain an insight on 
the mesoporous structure. 
  Cyclic voltammetry in acid of H1 mesoporous Pt is similar to polycrystalline Pt made 
up  of  low  index  Pt  facets.  However  CO  stripping  voltammetry  shows  differences 
between  the  H1  mesoporous  Pt  and  polished  Pt  electrodes.  The  CO  stripping 
voltammogram for the H1 mesoporous Pt electrode exhibits a CO oxidation pre-wave 
and CO oxidation at lower overpotentials. These differences result from the presence of 
trough sites corresponding to the intersection of two pore walls within the mesoporous 
structure. 
  The adsorption of foreign atoms Bi and Ge on H1 mesoporousPt was investigated to 
identify  the  different  crystalline  Pt  facets.  The  features  of  the  voltammetric  profiles 
recorded in acid revealed the absence of large (111) domains and the presence of (100) 
terraces  sites.  CO  stripping  voltammetry  for  H1  mesoporous  Pt  modified  with  Bi 
suggests  the  presence  of  a  CO-Bi  mixed  adlayer.  However,  the  absence  of  the 
aforementioned pre-wave was attributed to the adsorption of Bi on the trough sites thus 
causing inefficiency in oxygen transfer for CO oxidation. In contrast, the significant 
pre-wave observed for H1 mesoporous Pt-Ge leads to an enhancement for CO oxidation. 
  H1  mesoporous  metal  films  grown  on  microelectrodes  show  good  stability  of  the 
measurement  of  hydrogen  peroxide.  H1  mesoporous  Rh  with  a  variety  of  film 
thicknesses  was  extensively  studied  over  a  wide  range  of  hydrogen  peroxide 
concentrations.  A  kinetic  model  is  proposed  to  describe  the  diffusion  of  hydrogen 
peroxide and the surface reaction in the pore.    
  The accessibility of the ionic liquid BMIM-PF6 in the pores was investigated to assess 
the  performance  of  mesoporous  electrodes  in  supercapacitors.  H1  mesoporous  Pt  of 
diverse pore size and polished Pt electrodes were characterised in 1 M sulphuric acid 
and then tested in BMIM-PF6. The double layer capacitances were higher for the H1 
mesoporous Pt films thanks to their internal surface area leading to the confirmation that 
the ionic liquid penetrates into the pores. The analysis of electrochemical impedance 
spectroscopy shows that the results fit a transmission line model and provides useful 
parameters for the characterisation of the nanostructured Pt film in BMIM-PF6.   
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monitored by cyclic voltammetry in sulphuric acid can reveal the presence of different 
Pt symmetries. CO stripping voltammetry on H1 mesoporous Pt modified with each 
foreign  atom  was  also  performed  to  identify  any  changes  on  the  CO  stripping 
voltammetric profile compared to that obtained with the unmodified H1 mesoporous Pt 
electrode.  Conclusions  were  drawn  about  the  mechanism  of  CO  oxidation  on  H1 
mesoporous Pt and each foreign adatom. The catalytic performance for CO oxidation 
with each combination Pt-Bi or Pt-Ge was discussed. 
 
Chapter 5 is concerned with polished Pt, H1 mesoporous Pt and H1 mesoporous Rh 
microelectrodes for hydrogen peroxide detection. It has been shown that H1 mesoporous 
Pt microelectrode improves greatly the electrochemical response for hydrogen peroxide 
oxidation
[41].  Several  films  of  different  thicknesses  of  H1  mesoporous  Rh  are 
electrodeposited on the microelectrodes. The experimental data of the electrochemical 
response of hydrogen peroxide oxidation are gathered in order to fit to a theoretical 
kinetic  model.  Complementary  experiments  are  then  performed  using  a  Pt  RDE 
modified with a H1 mesoporous Rh film to obtain a new set of data for the model and 
draw a conclusion on the presence of a product inhibitor remaining within the pores.  
 
In Chapter 6, polished Pt and H1 mesoporous Pt with different pore sizes were used to 
assess the behaviour of an ionic liquid in a mesoporous electrode. The access of the 
ionic  liquid  in  the  mesoporous  structure  is  investigated  with  cyclic  voltammetry  by 
measuring the double layer capacitances. A study in aqueous electrolyte in identical H1 
mesoporous Pt electrodes has shown Electrochemical Impedance Spectroscopy (EIS) as 
a  method  to  quantify  the  accessibility  and  the  electrochemical  behaviour  of  these 
mesoporous Pt films
[95]. The same method is used to determine the behaviour of the 
ionic liquid in a mesoporous film and thus to know if a mesoporous electrode with such 
small pores could be employed as supercapacitor.  Thomas Esterle      Carbon monoxide oxidation 
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The high surface area of these nanostructured materials make them of great interest for 
fuel cells. Nanostructured materials are known to affect the oxidation of small organic 
molecules  such  as  CO-species
[4].  The  atomic  arrangement  of  the  platinum  surface 
results  in  differences  in  the  electronic  structure
[5,  6]  which  affect  the  electrocatalytic 
reaction
[7]. The literature refers mainly to convex surfaces such as stepped surfaces
[8], 
polished  surfaces
[9]  or  nanoparticles
[10].  The  peculiar  characteristic  of  the  H1 
mesoporous architecture is the concave surface formed by the cylindrical pores. 
 
Based on studies by cyclic voltammetry in acid, the hydrogen desorption/adsorption 
peaks  reflect  the  crystallinity  of  each  specific  surface  of  platinum  and  can  identify 
defects such as stepped surfaces and kinks
[11-14]. This approach has been extended to Pt 
nanoparticles
[11, 15, 16] and carbon supported Pt nanoparticle electrodes
[16]. 
 
Fuel molecules adsorb onto catalytic surfaces leading to the formation of intermediate 
species. Platinum is a common metal used as an electrocatalyst for fuel cells because it 
has an intermediate bond strength for the hydrogen charge transfer reaction. Carbon 
monoxide is an intermediate species in the electrochemical oxidation of many organic 
molecules
[7, 17]. Carbon monoxide is also known to adsorb at the platinum surface and 
acts  as  a  poison.  The  reaction  of  CO  oxidation  has  been  investigated  due  to  its 
technological  importance  in  the  area  of  fuel  cells  and  is  considered  to  be  the  most 
understood catalytic reaction
[18]. The structure-sensitivity of CO oxidation on platinum 
has been established in the literature
[19]. Therefore CO oxidation is used as a model 
system to probe the reaction on the concave surface within the H1 mesoporous structure. 
 
Carbon  monoxide  oxidation  was  studied  extensively  on  different  types  of  platinum 
surfaces. The use of single-crystals provided information to explain the effects of the 
surface  atom  structure  on  electrocatalytic  mechanisms.  The  voltammetric  profile  for 
stripping an electrosorbed CO adlayer depends on the characteristics of the platinum 
surface, e.g. single-crystals Pt(111)
[20-24] and Pt(100)
[25, 26] and also stepped surfaces
[8, 19, 
27-31]. These studies show the relationship between the CO adlayer and the Pt surface 
structure
[8,  19,  27-31].  These  surfaces  are  important  for  the  study  of  structure-sensitive 
reactions where much of our understanding comes from. The studies on single-crystals 
can  serve  as  catalyst  models  for  a  better  comprehension  for  CO  oxidation  on  the 
platinum nanoparticle surfaces
[10, 32-36]. Indeed, the design of the platinum nanoparticle Thomas Esterle      Carbon monoxide oxidation 
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+ -
ads Pt   OH    PtO + H  + e - ¬¾ ®         (2) 
 
Once the oxygenated species are adsorbed on the platinum surface, a mechanism of 
place  exchange  occurs  at  the  interface  where  oxygenated  species  interchange  with 
platinum atoms. From the literature, this exchange mechanism seems to occur over a 
wide range of potentials; in consequence it is believed that both OH and O species 
rearrange within the platinum lattice
[44-47]. 
 
Nevertheless only a single stripping peak is observed on the voltammogram. The peak 
involves the reduction of the different oxide species formed. It is important to notice 
that the oxide stripping peak is not symmetric to the oxidation peaks. As soon as the 
potential shifts backwards from the oxide region, the exchange mechanism proceeds to 
the reverse process. A more negative potential must be then supplied to strip the oxides 
off  the  surface  hence  the  appearance  of  the  oxide  stripping  peak  at  more  negative 
potentials
[45]. 
 
The oxide stripping peak for the mesoporous platinum film is at more cathodic potential 
than that of the polished platinum electrode. The variation of the peak potential might 
stem from local pH change at the platinum surface within the pores of the mesoporous 
structure. 
 
Over the potential range of - 0.3 and - 0.65 V, two peaks are clearly observed on the 
anodic sweep though a third peak is present, overlapping between the two. The peaks 
refer to the hydrogen desorption peaks from the low index Pt facets
[11,  13,  14]. These 
peaks are mirrored on the cathodic sweep by the hydrogen adsorption. From the peaks 
in  the  hydrogen  region,  both  polished  and  the  mesoporous  platinum  electrodes  are 
polycrystalline made up of low index Pt facets
[13, 14, 47]. The active surface areas were 
calculated  from  the  hydrogen  desorption  region.  The  surface  areas  of  the  polished 
platinum electrode and the mesoporous platinum film were 0.0049 cm
2 and 0.181 cm
2 
respectively using the conversion factor 210 µC cm
-2[48]. The roughness factor for the 
polished electrode is 2.5 and that of the mesoporous platinum electrode is 92. 
 Thomas Esterle      Carbon monoxide oxidation 
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peaks in the hydrogen region of the voltammogram in acid
[4-8]; hence it was possible to 
quantify the coverage of the foreign atoms on the Pt surface. Thanks to the adsorption 
of the foreign atoms on specific platinum sites, it was possible to quantify the low index 
Pt sites on nanoparticles by cyclic voltammetry
[4]. In the present study, these findings 
are exploited to extrapolate the results to the H1 mesoporous platinum.   
 
It has been shown that the adsorption of foreign atoms improved the electrocatalytic 
activity of Pt towards the oxidation of small organic molecules
[7]. The adsorption of 
bismuth atoms on H1 mesoporous platinum has already been investigated for formic 
acid oxidation
[7] and for glucose oxidation
[9]. The main objective of these studies was to 
increase the activity of the reaction thanks to the high electroactive area provided by the 
concave structure and the contribution from the Bi adatoms. In the present study, in 
contrast, the adsorption of Bi atoms on H1 mesoporous Pt is used to give an insight of 
the atomic structure inside the pores. Bismuth is one of the adsorbed species on the 
platinum surface which has incited a lot of attention
[4,  6,  7,  9,  10]. Many studies of the 
adsorption of Bi atoms on platinum electrodes were driven by the desire to improve the 
catalytic activity for formic acid oxidation
[7, 11-17]. One path of the reaction leads to the 
formation of an intermediate species, namely CO, poisoning the platinum substrate
[14-
17]. The outcome of earlier work on formic acid oxidation can lead to conclusions on the 
effect of the surface structure for CO oxidation on H1 mesoporous Pt modified with Bi. 
Previous studies on stepped Pt surfaces modified with Bi have shown that Bi atoms 
adsorb preferentially on the step sites
[13, 14, 18]. This effect can be relevant for the present 
work with the H1 mesoporous Pt.  
 
The other adsorbed species on H1 mesoporous platinum examined here is germanium; 
there is no published article on the adsorption of germanium on mesoporous platinum to 
date. Previous studies have demonstrated that the adsorption of germanium atoms on the 
platinum surface increases the electro-catalytic activity towards CO oxidation
[19, 20]. The 
results  of  the  present  study  were  interpreted  in  regards  to  the  literature  on  the  CO 
oxidation on the platinum modified by adsorbed Bi and Ge atoms. Thomas Esterle    Hydrogen peroxide 
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The polished platinum disc microelectrodes were modified by the electrodeposition of a 
mesoporous platinum or rhodium film. A plating mixture was prepared from an aqueous 
solution containing the appropriate metal salt and a non-ionic surfactant. 
 
The preparation of the plating mixtures with platinum and rhodium were respectively:  
-  42 wt.% C12EO8, 29 wt.% H2PtCl6 and 29 wt.% deionised water. 
-  47 wt.% C12EO8, 12 wt.% RhCl3, 39 wt.% deionised water and 2 wt.% n-
heptane  (heptane  was  added  to  the  composition  to  obtain  the  hexagonal 
phase as reported by Bartlett and Marwan in their work using C16EO8 as the 
surfactant
[25]). 
 
The  potential  was  held  at  -  0.1  and  -  0.2  V  vs.  SMSE  for  the  electrodeposition  of 
platinum and rhodium films respectively until the required charge had been passed. The 
potentials for each metal were reported to be under ideal conditions for the deposition
[25, 
26].  Then  the  electrode  was  soaked  in  iso-propanol  and  then  in  water  overnight  to 
remove the plating mixture from the electrode surface. The resulting metal film is then 
the inverse of the hexagonal template. 
 
Cyclic voltammetry was then performed to remove the residual plating mixture from the 
pores until a stable cyclic voltammogram was obtained on cycling between - 0.65 and 
0.85 V vs. SMSE at 200 mV s
-1 in 1 M sulphuric acid. The electrodes were then kept in 
deionised water at room temperature. 
 
The  cyclic  voltammograms  for  the  H1  mesoporous  Pt  microelectrode  and  for  the 
polished Pt microelectrode were similar to those recorded for the electrode in Chapter 3. 
The full description of the cyclic voltammogram was given in Chapter 3 in Section 
3.2.2. 
 
The active surface areas were calculated from the hydrogen desorption region using the 
method  described  in  Chapter  3  in  Section  3.2.2.  The  surface  areas  of  the  polished 
platinum electrode and the mesoporous platinum film were 0.0049 cm
2 and 0.181 cm
2 
respectively using the conversion factor 210 µC cm
-2[27]. These values correspond to a Thomas Esterle    Hydrogen peroxide 
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the surface area by modifying the surface of the microelectrode while preserving the 
properties  of  microelectrodes.  A  mesoporous  Rh  film  was  electrodeposited  on  a  Pt 
microelectrode exhibiting a high surface area. The current response for the mesoporous 
Rh microelectrode was linear for low concentrations of hydrogen peroxide up to 15 mM 
and shows a good agreement with the theoretical diffusion control current represented 
by the dashed line. Above this concentration, the current starts to deviate and reaches a 
plateau likely due to a saturation of the binding sites or a limited diffusion of hydrogen 
peroxide down the pores. 
 
A  quantitative  analysis  of  the  limiting  current  was  undertaken  to  monitor  hydrogen 
peroxide  amperometrically.  H1  mesoporous  Rh  microelectrodes  with  different  film 
thicknesses were characterised by cyclic voltammetry in 1 M sulphuric acid to estimate 
the  surface  area.  All  the  cyclic  voltammograms  of  the  H1  mesoporous  Rh 
microelectrodes with different thicknesses look alike and resemble that shown in Figure 
5-1. The film thicknesses can be controlled by the deposition charge. The surface areas 
were  determined  by  the  charge  involved  under  the  hydrogen  desorption  peak  in 
sulphuric acid. 
 
Figure 5-13 shows the calibration data for eight different thicknesses over the range of 0 
and 75 mM of hydrogen peroxide. Thomas Esterle    Hydrogen peroxide 
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linearity of the current response was improved by increasing the concentration of the 
phosphate buffer resulting in a higher buffer capacity according to Figures 5-22 and 5-
23. A higher concentration of the phosphate buffer maintains the pH down the pores and 
allows the reaction to occur. If the pH drops, the Rh binding sites are under a reduced 
state and the hydrogen peroxide oxidation stops as depicted in Figure 5-24. 
 
A model to predict the current response of mesoporous Rh microdisc electrodes for the 
oxidation of hydrogen peroxide as a function of the film thickness and the concentration 
of  the  hydrogen  peroxide  has  been  described.  The  validity  of  the  model  was 
demonstrated  for  the  'thin'  films  but  was  not  for  the  'thick'  films  since  a  low 
concentration of phosphate buffer was used for the experiments. It was shown that a 
higher concentration of phosphate buffer was then necessary so that the effect of the 
film  thickness  could  become  pertinent.  A  change  in  the  local  pH  may  dramatically 
affect the electrode process, which in turn affects the current response. The electrode 
potential was chosen low enough to avoid the oxidation of other species but the current 
response depends on the potential of hydrogen peroxide oxidation. Thus the current 
response was increased by stepping the potential towards more positive potentials to 0 
V  vs.  SMSE  (potential  initially  chosen).  The  potential  of  oxidation  and  the 
concentration of the phosphate buffer need to be appropriate to support a reasonable 
analysis of the kinetic model for the hydrogen peroxide oxidation in a mesoporous Rh 
film. Thomas Esterle    Hydrogen peroxide 
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cell voltage. Therefore the performance of the supercapacitor is thus limited by the 
electrochemical window. The wide electrochemical window (up to ~ 6 V) of RTILs 
could improve significantly their performances. The motivation to use ionic liquids for 
supercapacitors  has  generated  many  studies  on  the  double  layer  capacitance  at  the 
interface  between  the  electrolyte  and  the  electrode  material
[13].  The  capacitance 
behaviour  depends  on  the  applied  potential,  electrode  material,  the  nature  of  the 
different  ions  and  the  surface  structure  at  the  electrode/ionic  liquid  interface
[13].  
Experimental
[13-15]  and  theoretical
[16,  17]  studies  on  these  systems  have  suggested  a 
“bell”-shape for the plots of the capacitance as a function of the potential or “camel”-
shape.  The  complicated  shape  of  the  curves  depends  on  the  double  layer  at  the 
electrolyte/electrode interface. The distinction between these two shapes was related to 
the combination of different processes including the ionic polarizability, the relative 
permittivity, the void density and the specific adsorption of both cations and anions
[13]. 
 
These studies have considered the capacitance on planar electrodes where the curvature 
of  the  surface  is  small  compared  to  the  size  of  the  ions.  However,  a  recent  study 
established that the ion size and the electrode curvature have an impact on the electrical 
double layer capacitance. Many applications require high specific area electrodes which 
are  a  result  of  the  exposed  area  offered  by  the  nanostructures  such  as  mesoporous 
carbon black
[18]. The capacitance on the mesoporous structure is not well known. Recent 
studies  have  demonstrated  an  anomalous  large  capacitance  when  the  pore  size  is 
comparable to the size  of the ions
[19].  In  contrast, it is expected that charging rates 
become slower due to an impeded ionic mobility and a higher resistance along the small 
pores within the structure
[20]. These effects are important to understand the influence of 
the structure properties in ionic liquids. 
 
This  Chapter  deals  with  the  study  of  the  interface  between  an  ionic  liquid  and  a 
nanostructured  Pt  electrode  with  high  specific  surface  area.  Nanostructured  Pt  films 
were grown by electrodeposition through the hexagonal phase of the lyotropic liquid 
crystalline phase as described as in Chapter 3. The nanostructure exhibits an hexagonal 
array  of  pores  with  radii  close  to  the  size  of  the  ions  or  small  ionic  clusters.  In  a 
previous study, the impedance analysis of sulphuric acid contained in a mesoporous Pt 
film showed a large capacitance of 110 mF cm
-3 and short access time with frequencies Thomas Esterle    Ionic liquid 
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results have also revealed that the capacitance is frequency dependent. The impedance 
data is consistent with a transmission line model for the H1 mesoporous Pt electrode. 
The electrochemical impedance spectroscopy method employed in aqueous electrolytes 
is also valid to characterise the mesoporous films in the ionic liquids. From the analysis 
of  the  fittings,  the  pore  resistance  was  found  higher  for  the  C16EO8+heptane  H1 
mesoporous Pt electrode than for the C12EO8 H1 mesoporous Pt electrode. Although this 
seems to be incoherent at first, the effect of the water content in the ionic liquid should 
not be excluded in our results. Indeed, the water in the ionic liquid may change its 
physicochemical properties affecting the measurements. 
 
Despite the small size of the pores of the electrode, the results confirm the accessibility 
of  the  ionic  liquid  within  the  mesoporous  electrodes.  Therefore  the  mesoporous 
structure  obtained  from  the  hexagonal  lyotropic  liquid  crystalline  phase  can  be 
considered for the structure of supercapacitor materials. Thomas Esterle    Conclusions 
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sites as CO is adsorbed on the pore walls. The results seem to indicate that oxygenated 
species, more likely OH, are adsorbed on the trough sites accounting for the pre-wave 
and promoting CO oxidation occurring at lower overpotentials.  
 
The cyclic voltammogram in sulphuric acid of a H1 mesoporous Pt electrode shows 
different peaks in the hydrogen region that correspond to the adsorption of hydrogen on 
the diverse Pt facets. However, the peaks corresponding to the electrochemical response 
for different Pt facets are so close to each other that deconvolution of each of them 
becomes  difficult.  The  nature  of  these  facets  was  investigated  by  the  adsorption  of 
foreign  atoms.  Foreign  atoms  can  adsorb  on  specific  surface  sites  of  the  platinum 
surface. The adsorption of bismuth and germanium on the platinum surface is used to 
determine the proportion of Pt(111) and Pt(100) sites respectively. Cyclic voltammetry 
of H1 mesoporous platinum electrodes modified with bismuth adatoms does not show 
any evidence for the existence of large Pt(111) domains which can be explained by the 
small width of the pore walls. The adsorption of Ge atoms on the Pt sites of the H1 
mesoporous films provided evidence for the existence of Pt(100) sites. It was found that 
6 % of the total Pt sites of the H1 mesoporous Pt electrode corresponds to Pt(100) sites.  
 
The co-adsorption of CO and foreign atoms has shown interesting features on the CO 
stripping  voltammetry.  The  CO  stripping  voltammogram  for  the  H1  mesoporous  Pt 
electrode modified with Bi adatoms exhibited two separated peaks. One of the pair is 
related to the oxidation of adsorbed CO and the other is associated with the contribution 
of the oxidation for both species, Bi and CO. Numerous studies in the literature have 
shown  that;  the  incorporation  of  Bi  atoms  on  the  platinum  surface  promoted  CO 
oxidation. However, in the case of Bi adsorption on H1 mesoporous Pt, CO oxidation 
was  not  encouraged.  The  CO  stripping  voltammogram  for  an  unmodified  H1 
mesoporous Pt exhibited a pre-wave whereas the pre-wave feature did not appear for the 
H1 mesoporous Pt modified with Bi adatoms. As previously stated, the existence of the 
pre-wave was associated with the adsorption of oxygenated species on the trough sites. 
As the pre-wave is absent on the CO stripping voltammogram, we can suppose that the 
adsorption  of  Bi  atoms  occurs  on  the  trough  sites  within  the  pores  preventing 
oxygenated species from adsorbing. This results in Bi atoms adsorbing on the trough 
sites  and  CO  adsorbing  in  the  middle  of  the  pore  walls.  In  contrast,  CO  stripping Thomas Esterle    Conclusions 
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voltammetry for the H1 mesoporous Pt modified with Ge adatoms shows a massive pre-
wave and the CO oxidation peak. The pre-wave occurred at lower potentials than for an 
unmodified H1 mesoporous Pt electrode. Ge atoms on the H1 mesoporous Pt electrode 
facilitate  CO  oxidation.  The  catalytic  properties  for  the  Pt-Ge  combination  greatly 
facilitated CO oxidation in comparison to Pt-Bi on H1 mesoporous Pt. 
 
A particular interest for the H1 mesoporous materials is to investigate the coupling of 
diffusion and surface reaction within the pores. Hydrogen peroxide oxidation can give 
some  insight  into  both diffusion  and  surface  reaction  within  the  pores  of  nanoscale 
dimensions.  The  hydrogen  peroxide  oxidation  was  investigated  at  H1  mesoporous 
rhodium  films  electrodeposited  onto  platinum  microelectrodes  and  platinum  rotating 
disc electrodes. Cyclic voltammetry in sulphuric acid indicates that the H1 mesoporous 
rhodium  films  are  polycrystalline  and  possess  high  surface  areas.  TEM  observation 
revealed that the structure of these films consists of 4 nm diameter pores arranged into 
an hexagonal lattice. Furthermore, XRD also confirms TEM observation.  
 
The oxidation of hydrogen peroxide was the subject of many studies showing notably 
the  lack  of  quality  for  the  voltammetry  on  bare  platinum  electrodes.  The 
electrodeposition  of  a  mesoporous  platinum  or  rhodium  film  greatly  enhances  the 
stability  and  reproducibility  of  the  voltammetry.  The  cyclic  voltammogram  displays 
plateaux  for  the  oxidation  and  reduction  of  hydrogen  peroxide  unlike  the  polished 
platinum microelectrodes. This is due to the combined effect of high electrode surface 
area with efficient mass transport to the microelectrode. In this work, the kinetic study 
of hydrogen peroxide was carried out with H1 mesoporous rhodium films. According to 
the cyclic volatmmograms in sulphuric acid, the oxide formation of rhodium starts at 
lower  overpotentials  than  platinum.  The  early  oxide  formation  could  avoid  the 
interference  between  the  oxidation  of  hydrogen  peroxide  and  other  species  such  as 
ascorbic acid or uric acid in biological samples. Rhodium seems to be a more suitable 
catalyst than platinum in regards to this study. 
 
A  kinetic  model  originally  developed  by  Albery  was  adapted  to  predict  the  current 
response due to the oxidation of hydrogen peroxide for H1 mesoporous rhodium films. 
The data were obtained for different film thicknesses over a wide range of hydrogen Thomas Esterle    Conclusions 
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peroxide concentrations. The model describes the diffusion of hydrogen peroxide from 
the bulk solution to the electrode surface, hydrogen peroxide then diffuses into the pores 
and  reacts  on  the  internal  surface  of  the  pores.  For  thicker  mesoporous  film,  the 
experimental data becomes inconsistent with the model at first; this was due to the lack 
of buffer capacity. The concentration of the phosphate buffer was not high enough to 
preserve the pH down the pores. The pH down the pores becomes more acidic and 
therefore,  the  rhodium  sites  are  reduced  bringing  the  reaction  to  a  stop.  A  high 
concentration of buffer is needed to maintain the pH of the solution within the pores so 
that  the  reaction  can  then  continue  throughout  the  porous  film.  The  potential  of 
oxidation was also investigated. When the potential is increased towards more anodic 
potentials, the current response is improved for a thick mesoporous film. It is assumed 
that  oxidised  rhodium  sites  occupy  a  larger  coverage  of  the  catalyst  surface  when 
increasing the potential of oxidation overcoming the pH shift within the pores.  
 
A part of this thesis dealt with determining the performance of the ionic liquid BMIM-
PF6 in the H1 mesoporous film. Ionic liquids are more viscous than aqueous electrolytes 
and their molecules are quite large in comparison to hydrogen or CO molecules studied 
previously. For this study, H1 mesoporous platinum were electrodeposited from plating 
mixtures of a ternary system containing C12EO8 and of quarternary system containing 
C16EO8 plus heptane. The nature of the surfactant and the addition of a swelling agent 
vary the pore size. The use of C16EO8 with heptane yields a pore size of 3.5 nm. The 
performance  of  the  ionic  liquid  in  H1  mesoporous  Pt  films  was  investigated  by  the 
double layer capacitance for the H1 mesoporous platinum electrodes of different pore 
size  and  the  polished  platinum  electrode.  The  results  indicate  that  the  double  layer 
capacitance  for  a  H1  mesoporous  platinum  electrode  was  larger  than  for  a  polished 
platinum electrode of the same geometric area and even larger for a larger pore size. 
The behaviour of the ionic liquid within the pores was investigated by electrochemical 
impedance spectroscopy. Previous work has shown that a De Levie model for porous 
electrodes could be applied for the H1 mesoporous platinum electrode in sulphuric acid. 
The same model was used for identical H1 mesoporous platinum electrodes in BMIM-
PF6. The simulations of the experimental data fit quite well with the model but the 
parameters taken from the fittings did not concur with the properties of the films. 
 Thomas Esterle    Conclusions 
 
178 
 
In this work, the experiments for the electrochemical impedance spectroscopy in the 
ionic liquid were performed at unique potential (OCP) and simple scan rate for cyclic 
voltammetry. The capacitance depends strongly on the applied potential and presumably 
on the scan rate in cyclic voltammetry; therefore, changes in the structure of the double 
layer at the ionic liquid/electrode interface can be assessed. This could be useful in 
understanding the double layer in ionic liquids by comparing with existing experimental 
and theoretical studies.   
 
 